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1. PURPOSE. This advisory circular (AC) provides informtion about the 
relationship 'between flight crew cockpit voice cmunicaticn and cockpit noise 
levels. Guidmce, cn speech interference levels, noise n-easuremnt and 
masurerent systems, and methods to improve cockpit carmunication, is provided 
for those manufacturers, m e r s  or operators who 'believe cockpit noise may be a 
prcblem cn their aircraft. This guidance material is relevant to  the operaticn 
of a l l  types of civil  aircraft. 

a. Many modern aircraft provide comfort, convenience, and excellent 
performance. A t  the same tin-e that the manufacturers have developed more 
p m r f u l  engines, they have tried to  give the occupants better noise protection 
and ccntrol, so that many of tday ' s  aircraft are more powerful, yet quieter 
than ever. S t i l l ,  the levels of sound associated with powred flight are high 
enough in sax? aircraft to  raise concern about the effect these noise levels may 
have on direct voice cmunication between flight crew &rs. 

b. The National Transportation Safety Board (NTSB) investigation of an 
accident involving a twin-engine , small airplane, concluded that the cockpit 
noise levels of that particular airplane =re loud enough to interfere wi th  
direct voice cmunicaticn. I n  the opinion of the NTSB, t h i s  cmunication 
interference could have affected crew coordination and contributed to the 
accident. The NTSB also believes that poor crew c m n i c a t i m ,  because of high 
cockpit noise levels, my have contributed to other accidents. 

a. Noise - Any sound which is undesirable because it interferes w i t h  
speech and hearing. 

b. Noise Spectra - The description of noise sound waves by resolution of 
their compcnents, each of different frequency and (usually) different w l i t u d e  
and phase. 

c. Frequency(Hz) -- The nurnkr of oscillations per second of a sine-wave of 
sound. 

d. Decibel(dB1 -- The u n i t  i n  which the relative levels of intensity of 
acoustical quantities, such as sound pressure levels, noise levels and paver 
levels, are expressed on a scale from zero for the average least 
perceptible level to  about 130 for the average pain level. 



e. A-Weighted Sound Level (dB(A)l -- A s ing le  event  sound l e v e l  which has 
been f i l t e r e d  or  w i g h t e d  t o  d iscr iminate  agains t  the  low and high frequency 
extremes t o  approximte  the  auditory s e n s i t i v i t y  of  the  h u m  ear. 

f .  Octave Band -- A l l  of the  components, in  a sound spectrum, whose 
frequencies are between two s i n e  wave (pure tone) conpcnents whose r a t i o  of  
frequencies exac t ly  two, ie. separated by an octave. 

4. DISCUSSICN . Today' s large ,  jet-pow red , ai r - t ranspor t  a i rp lanes  present  few 
speech-interference prcblems f o r  f l i g h t  crews. However, propel ler  o r  ro to r  
driven a i r c r a f t ,  regardless of tne  p o w r  p lant  used, have n o i s i e r  cockpi ts  f o r  
severa l  reasons. Much of the  p rape l l e r  o r  ro tor  noise energy lies i n  lower 
frequencies, which are much mre d i f f i c u l t  t o  a t t enua te  than high-f requency 
sounds. I n  nonpressurized a i r c r a f t ,  ccnstruct ion permits a i r  leaks  t h a t  are c, 

both sound t ransmit ters  and sound sources; p rope l l e r  and ro tor  t i p s  can t r a v e l  
a t  o r  near Mach 1, which mans ,  in sane f l i g h t  configurat ions,  smll scnic b m s  
constant ly  banbard the  a i r c r a f t .  I n  addi t ion ,  techniques f o r  minimizing sound 
production o r  sound transmission require the  addit ion of physical  mass t o  the  
system, and where payload determines t h e  value o r  u t i l i t y  of t h e  a i r c r a f t ,  
adding enough mass t o  reduce noise, can cos t  severe ly  i n  payload. Streamlining 
can be  very c o s t l y  in new design c o s t s  ( t o  remove air leaks and it m y  a l s o  
require major changes in production methods. S m  of these methods requi re  
addi t ional  w i g h t  which reduces u t i l i t y .  

a. Outside the  a i r c r a f t ,  noise spec t ra  vary g r e a t l y  as a function of 
a i r c r a f t  s i z e  and type and the  v a r i e t y  of powerplant, ht the  in te rac t ions  of 
those spectra with t h e  sound-insulation proper t ies  of the  various a i r f r a m s  
general ly lead to  str k i n g l y  s i m i l a r  s,pectra cn the  i ~ s i d e .  Cockpit noise  
s tudies  have shown the  s p e c t r a l  shapes of cockpit  9o i ses  vary cnly s l i g h t l y  
frcrn one type of  f ixed-wing a i r c r a f t  t o  another. 

b. The primary energy in those noises  lies in the low frequencies, 
ranging m s t l y  from 100 to 300 Hz, with a rapid decrease as frequency increases.  
This s p e c t r a l  ccnf igurat ion may peak a t  d i f f e r e n t  sound levels  f o r  d i f f e r e n t  
a i rp lanes .  The o v e r a l l  sound i n t e n s i t y  va r i e s  from about 70 &(A) t o  more than 
100 dB(A). Generally, the  q u i e t e s t  cockpits  are found in jet a i r c r a f t ;  t h e  
n o i s i e s t  are f o r ~ l d  i n  open cockpit  a i rp lanes  such as those used f o r  aerial 
a p p l i c a t i m  in  ag r i cu l tu re  and i n  sow smll m i l i t a r y  jets t h a t  use 
afterburners.  

c. Within a genera l  c l a s s  of a i r c r a f t  ( f o r  example, l i g h t ,  single-engine 
a i rp lanes ) ,  the  va r i a t ions  in  cockpi t  noise l e v e l  among a i rp lanes  of a 
s ing le  type inay be abmt as l a rge  as t h e  va r i a t ions  found m n g  a l l  the  types 
within the  class. Age and h i s t o r y  seem t o  be inpor tant  determinants of the  
cockpit  noise l e v e l  as much as t h e  o r i g i n a l  design. Therefore, l ittle is t o  be  
gained by locking a t  a s i n g l e  sound spectrum from a s ing le  a i rp lane  as i f  it 
were typ ica l  of its type and w u l d  remain typ ica l  of its type. 

d.  The following sec t ions  present  an overview of a m a n s  t o  ass2ss t h e  
l e v e l  of  cockpit  speech in ter ference  due t o  noise and methods to m a s u r e  and 
inprove cccicpit communications. 
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(1 Speech Interference Level. This AC ut i l izes  a noise interference 
metric known as the perferred-frequency speech interference level (PSIL). The - - 
PSIL is an average of the unwigh&d noise sound pressure level of three octave 
bands a t  500,1000 and 2000 H z  and relates t o  an "A" wighted decibel masurement 
(dB(A) 1. The PSIL has been accepted as a suitable predictor for  a much mre  
c-lex measure of speech in te l l ig ib i l i ty  known as the articulation index (AI . 
The A I  ranges from 0.0 to  1 . 0  with an increasing value indicating a mre perfect 
cmunicat icn.  The Ar& Forces maintain that for cmunications approximately 
3 feet apart, an AI between 0.2 and 0.3 represents an acceptable m i n i m  
in te l l ig ib i l i ty  level. The maximum PSIL for A I = O .  2 is 83 and for A I = O .  3 is 78. 
The EAA k l i eves  that  in cockpits with noise levels above 88 &(A)  (PSIL=78 1, 
efforts  should be made t o  aid c o m i c a t i c n s  by use of cne or more of the 
mthods discussed in this  PC. The evolutim of speech in te l l ig ib i l i ty  research 
and the developent of c r i t e r i a  regarding speech interference is covered in sane 
deta i l  in appendix 1. 

( 2  Cockpit Noise Measurement. A portable sound level meter (SIM) 
which indicates the sound output in "A" weighted decibels (dB(A) is recmended 
for the measuremnt of cockpit noise. 

( a )  A quick noise survey of the cockpit can be made by observing 
the sound level for approximately 20 seccnds while the a i rcraf t  is in stabilized 
f l ight .  Ckte or two repeat readings are recamrnended t o  average the data. 
Readings should be taken i n  the takeoff, approach, cruise and descent modes of 
f l ight  so that a cqrehens ive  noise picture is obtained. 

(b) I f  the above t es t s  indicate a noise problem or a borderline 
noise prablem exists ,  additicnal noise measurements should be taken and 
recorded, as discussed in appendices 2 and 3. Recording noise levels is 
desirable as th is  w i l l  allow a more carrplete noise analysis t o  be made. In 
addition, a sample calculation of PSIL is shown in appendix 4. 

(3 Methods t o  Improve/~id Cockpit Cananunication. When the noise 
level in the cockpit, exceeds 88 &(A) (PSII;=78), the noise w i l l  be of 
sufficient magnitude as t o  interfere with normal cockpit cmunicat ions,  i.e. 
voice and radio. Therefore, efforts  should be made t o  aid cmunications. The 
following mthods are suggested t o  irrprove the signal (voice)-to-noise rat io,  
which w i l l  enhance the in te l l ig ib i l i ty  of cockpit c m i c a t i o n s  . Appropr iate 
FAA approvals must be obtained for any type design changes resulting from any of 
the following mthods enployed: 

( a )  Bcrease the cockpit noise level. 

( i )  Use of door seals 

( ii Acoustical insu1ati.cn. 

(b) Increase the voice signal levels or msdify the 
signal-to-noise rat io.  

( i )  Increase the gain of intervening audio anplifiers. 
(reference TSO-CSOc, Aircraft Audio and Interphone Arrplif ie rs )  
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( ii Use of electronic headsets, noise cancelling or boan 
microphones and intercom systems. (reference TSO-C57bt Aircraft Headsets and 
Speakers (for A i r  Carrier Aircraft and TSO-C58at AircraEt Microphones (for A i r  
Carrier Aircraft 

(iii) Apropriate use of hearing protectors. 

( i v )  Move the f l ight  crewrrembsrs closer together. 

e. Appendix 5 discusses in deta i l  the advantages and disadvantages of the 
methods described above t o  improve cockpit c m i c a t i o n s .  The overall 
objective of the modification should be to  improve tine in te l l ig ib i l i ty  of 
caknunication.;. The minimum goal s h a l d  be t o  achieve an a r t i & l a t i s  index 
(A11 of 0 . 3 . ,  identifiable by a PSIL of 78 or a m a s u r d  noise level of 88 dB(A) 
or le ss . 

f.  Regardless of the mthcd used t o  aid cmunications care should be 
taken t o  assure that  aural warnings (i .e.  averspeed, s t a l l ,  and landing gear) 
can be heard with or without the cmunicat ions aid in place. 

Direc tor ,  A i r c r a f t  C e r t i f i c a t i o n  
Service,  AIR-1  
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Several  researchers have contributed landmark stcldies of the ways i n  which noise 
can i n t e r f e r e  with t h e  understandabil i ty or  i n t e l l i g i b i l i t y  of speech. 
It has been d e m s t r a t e d  that t h e  frequencies necessary f o r  100 percent 
i n t e l l i g i b i l i t y  of a speech s igna l  cover the range from about 300 Hz t o  about 
7000 Hz. 

A E a s u r e  of t h a t  port ion of the  speech i n t e l l i g i b i l i t y  range t h a t  is avai lable  
i n  a spec i f i c  ccmnunication s i t u a t i o n  is known as the a r t i c u l a t i o n  index ( M I .  
The A 1  was developed by French and Steinberg and is a number f a l l i n g  between 0 
and 1.0." A I  accounts for  t h e  l e v e l  and spect ra  of ambient noise, and describes 
the  r e l a t i v e  ease or  d i f f i c u l t y  of a p a r t i c u l a r  c m u n i c a t i o n  s i tua t ion .  An A 1  
of 1.0 is considered perfect ,  with lower values indicat ing c m u n i c a t i o n s  of 
lesser qua l i ty .  

* French, N.R. and Steinberg J., "Factors governing the  i n t e l l i g i b i l i t y  of 
speech sounds," Journal  of Acoustical Society of America, 19,90-119, 1947. 

Researchers have devised a set of re la t ionships  ktween A I  and speech 
i n t e l l i g i b i l i t y  f o r  severa l  sorts of speech test materials ranging from nonsense 
sy l l ab les ,  in  which t h e  content is q u i t e  unpredictable, t o  sentences, which 
are, comparatively, perceptually redundant--if you hear p a r t  of a sentence, you 
have a reasonably gccd chance to guess cor rec t ly  w h a t  the  rest of it is . 
I n  1947, Beranek published a repor t  t h a t  serves as a fu r the r  bas i s  
f o r  determining how noise i n t e r f e r e s  with speech.* The speech in ter ference  
l e v e l  (SIL 1 is an average of the octave-band noise l e v e l s  at  s m  preselected set 
of center  frequencies. I n  h i s  o r i g i n a l  proposal, Beranek used the  th ree  
octaves running from 600-4800 Hz. Later  work, primarily by Webster and by 
Klumpp and Webster , showed t h a t  t h e  inclusion of d i f fe ren t  frequency bands i n  
the  averages leads  t o  A 1  predict ions t h a t  a re  accurate for  d i f f e r e n t  
c m u n i c a t i o n  cmdit ions.** Thus, an average of the  octave band l eve l s  at  500, 
1000, and 2000 Hz seems w e l l  s u i t e d  f o r  predic t ing an A1  of 0.2; i.e. a minim1 
ccmnunication environment. An average of 500, 1000, 2000, and 4000 Hz 
corresponds f a i r l y  ell with an A I  of 0.5 and an average of 1000, 2000, and 4000 
Hz seems t o  go with an A I  of 0.8. The 500, 1000, and 2000 Hz SIL has cane t o  b2 
known as the  preferred-frequency SIL (PSIL), and it is often c lose ly  r e l a t e d  t o  
a &(A) m a s u r e m n t  of the sare noise ,  though the  re la t ionship  is not  perfec t .  

*L. L. Beranek, "The design of speech c m u n i c a t i o n  systems," Proceedings of the  
I n s t i t u t e  of Radio Ehqineers, 35, 880, 1947. 

**J. C. Webster , "Relations between spech- in ter ference  contours and idealized 
art iculat ion-index ccntours," ~ o u r n a l - o f  t h e  Acoustical Society of America, 
36, 1662, 1964; J. C. Webster, "Noise and Cceranunication, " in  D. Jones and T. 
Chapman (ed i to r s  1, Noise and Society,  London: Wiley i n  preparation; R.  G. 
Kl~zrrpp and J.C. Webster, "Physical m a s u r e m n t s  of equal speech-interfering navy 
noises,"  Journal  of t h e  Acoustical Society of America, 35, 1328, 1963. 
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The maximum PSIL fo r  c m u n i c a t i o n s  approximately 3 f e e t  apar t  fo r  an A 1  of 0.2 
is 83. The maximum f o r  an AI of 0.3 is 78. As w i l l  be shown b e l w ,  these  two 
A I 1 s  represent  the  range of acceptable minimum i n t e l l i g i b i l i t y  levels .  
Therefore, when a cockpit has a noise l e v e l  above a PSIL l e v e l  of 78, t a lke r s  
and l i s t e n e r s  can 'be expected t o  have sore voice-carununication problems. This 
p r e d i c t i m  can be d i f i e d  s l i g h t l y  by t h e  f a c t  t h a t ,  i n  many cockpits,  the  
p i l o t  and cop i lo t  can 'be mre o r  less than 3 f e e t  apart .  H m v e r ,  in the  
cockpi ts  of a i r c r a f t  l i k e l y  t o  be r e l a t i v e l y  noisy, i.e. small aircraft, 
crewembers would probably be seated a t  dis tances  b e t e e n  2 and 3 f e e t  apar t .  

The mssages  t h a t  are expected t o  be transmitted i n  avia t ion comnunications c m  
from a prescribed vocalxlary. However, even when t h a t  vmabulary is ignored, 
the  a s s a g e s  are spoken in  context,  which usually m a n s  t h a t  they are more 
i n t e l l i g i b l e .  The Amwd Forces have set acceptable l eve l s  of performance f o r  
comnunications equipmnt , and those performance l e v e l s  can be t r a n s f o r r d  i n t o  
AI values: they range from 0.25 to 0.3. The A i r  Force, f o r  example, def ines  an 
80 p r c e n t  score  m a rhyme test as passing and a 70 percent score  as 
c o n d i t i m a l l y  passing. I n  f igure  1, it can be seen t h a t  the 80 percent 
c r i t e r i o n  is almost exact ly  0.3 and t h a t  the  70 p r c e n t  c r i t e r i o n  is very c lose  
t o  0.25. 

Navy and Army limits of accep tab i l i ty  are approximately t h e  saxe as t h e  A i r  
Force's.  Webster and Allen speci f ied  an 80 percent  rhyrre test score  as ( the  
Navy fence) the  lmst acceptable value*. They reasoned t h a t  "95 percent  of 
standard test sentences w i l l  be understood over a system t h a t  w i l l  pass 80 
percent" of rhyme test words. Following iden t i ca l  reasoning, the F74A b e l i ~ v e s  
tha t ,  shor t  of measuring human performance on rhyme tests i n  cockpit-noise 
e n v i r o n m t s ,  the choice of AI=0.3 is both reasonable and acceptable. This A I  
equates t o  a PSIL of approximately 78 a t  a distance of 3 fee t .  

*J. C. Webster and C. R .  Allen, "Speech i n t e l l i g i b i l i t y  in  naval aircraEt 
radios,"  Naval Electronics Laboratory Center Report, TR 1830, 1972. 

ARTICUUTION INDEX 

FIQURE 1 
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The f o l l w i n g  t a b l e  a l s o  cor robora tes  t h e  r e l a t i o n s h i p  be tmen t h e  var ious  test 
r e s u l t s  and Ar t i cu l a t ion  Index: 

Table 1. E x p c t e d  Word o r  Sentence Scores f o r  Various Ar t i cu l a t ion  
Indices  ( A I )  

Ar t i cu l a t ion  Phonet ical ly* Modif id** Sentence* 
Index Balanced T e s t  Rhyme Tests T e s t  

* F r m  Kryter and Whitman (1963 
**Frm Webster and Allen (1972 

Assuming t h a t  p i l o t s  can c m u n i c a t e  v i s u a l l y  wi th  each o the r ,  an A I  of 0.3 
a c t u a l l y  can be e l eva ted  to  0.47 as ind ica t ed  by t h e  f o l l w i n g  c h a r t  
( f i g u r e  2) .  

CALCULATED ARTICULATION INDEX 

Relation between calculated Al and 
effective Al for a communication system 
wherein the listener can see the lips and 
face of the talker (Sumby and Pollack, 
1954). 

FIGURE 2 



AC 20-133 
Appendix 1 

Thus, an A 1  of 0.3, i f  aided by v i s u a l  cues, can raise the  i n t e l l i g i b i l i t y  
l e v e l  t o  approximately 98 percent (as shown f igures  1 & 2 1. Hcwever, v i s u a l  
c m u n i c a t i o n ,  while it can improve i n t e l l i g i b i l i t y ,  requir2s the  persons t o  
look d i r e c t l y  at  each other.  This fu l l - face  o r i en ta t ion  in the cockpi t  be twen  
the  p i l o t  and c o p i l o t  is an unusual occurrence. Cockpit noise l e v e l s  in  many 
r o t o r c r a f t  and p r o p e l l e r 4 r i v e n  a i rp lanes ,  e spec ia l ly  the  piston-engine types,  
can possibly e x c e d  the  maximum p r a c t i c a l  PSIL values noted above. 

I f  one considers tine d i s t ance  between the  heads of a p i l o t  and c o p i l o t  to be 3 
f e e t ,  then in a noise f i e l d  whose i n t e n s i t y  exceeds a PSIL of about 90 (about 97 
&(A) 1, m a 1  e f f o r t  cannot o v e r c m  the  i n t e l l i g i b i l i t y  problem crea ted  by the  
noise. F i r s t ,  shouted speech is no t  as i n t e l l i g i b l e  as speech p r d u c e d  wi th  
less e f f o r t  ( e e  f igure  3 ) .  Second, in t h a t  much noise,  human vocal systems 
are, on the average, j u s t  a'bout a t  the  limit of t h e i r  loudness. (Reflexively, 
talkers raise t h e i r  voices in  order  to be heard above tine background noise.  I n  
t h i s  instance,though, where noise levels a r e  q u i t e  high, the  r e f l e x  cannot lead  
t o  more in tense  speaking levels :  the  vccal system has a l rsady reached i ts  
physiological  end po in t . )  When PSIL = 90, A I  approaches zero as does 
i n t e l l i g i b i l i t y - - t h a t  PSIL condition is unacceptable a t  a 3-foot d i s t ance .  

FROLrl: P i cke t t ,  J.M.: Limits of Direct Speech C m u n i c a t i o n  in  Noise. J. 
Acoust. Soc. Amrica ,  vol. 30, no. 4,  Apr. 1958, pp. 278-281. 

I 
NORMAL 
FORCE 

SPEECH INTENSITY, DB 
Relations between speech lntelliglblllty In noise and vocal 
force. Vocal force measured as speech Intensity one m from 
lips in a free field. Parameter, over-all signal-tcmolse ratio, db. 
Noise, TO db, flat spectrum. 

FIGURE 3 
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APPENDIX 2 

COCKPIT NOISE MEASUREMENT 

TEST SETUP 

Measurewnt in  the  cockpit should be made a t  the typical  head location of each 
f l i g h t  crewmember. The microphone should be placed a t  the representative ear 
position on the s ide  where speech comrmnication is normally received and mved 
around s l i gh t ly  t o  obtain a spa t i a l  average of noise at  the head pos i t im .  
Whenever possible, the maasurement s h a l l  be made with the  cremmber absent f r m  
h is  l oca t im  s o  as to minimize interference and shielding effects .  During the 
~ a s u r e w n t s  care should be taken not t o  hold the microphone close t o  a 
sound-reflecting or s a d - r e f r a c t i n g  surfaoe. A c m m  recom~vldaticn is t o  
s tay a t  l ea s t  one foot away; in  prac t ica l  use, a 6-inch distance is probably 
adequate. 

TEST CCNDITICNS 

The a i r c r a f t  in te r ior  should be in a f u l l y  furnished configuration for  its 
intended use (passenger, cargo, other) with tie downs, carpets, seats ,  curtains, 
in ter ior  t r i m  panels, etc., installed.  Systems used for  providing conditioned 
a i r  (i.e., pressur izat im,  cooling, k a t i n g , )  should be operational. Cabin 
pressure should be noted s o  tha t  adjustmnts  f o r  differences in  a i r  pressure may 
be made, i f  necessary. Cabin pressure can a f f e c t  noise measuremnts taken on 
the ground o r  in f l igh t .  Thz difference between these m a s u r m t s  is about 
0.25 dB(A). 01 sane aircraft, w i n d m  can be open during f l i g h t  and could 
adversely a f f ec t  the noise leve l  in the cockpit. I f  t h i s  case e x i s t s  t h i s  
condition should a l s o  be tested. 

I f  a tape recorder is used, the acoustic sens i t iv i ty  cal ibrat ion can be recorded 
during f l i g h t  to establ ish the reference acoustic level for  subsequent data  
processing and for canparison with the pref l ight  recording of 
acoustic-sensitivity signals. Recorded noise levels  should be wasured m the 
ground and inf l igh t  to es tabl ish the proper gain t o  be used for  recording above 
the backgrand noise levels. A t  l e a s t  m e  reel of tape used during the test 
should have a recording of acoustic-sensitivity cal ibrat ion signals. 

Where possible nmsurenrsnts should be made when a l l  a i r c r a f t  cperating 
candi t ims  (such as a l t i tude ,  airspeed and engine p e r  se t t ings)  a re  stabil ized.  
The a i r c ra f t  cockpit noise should be tested in  take-off, approach, landing, 
cruise,  and descent at high speed. 

On multi-mgine a i r c r a f t  the use of engine synchronization is optional depending 
an the test abjectives. Insta l la t ion and operation of engine synchronizers or 
propeller synchrophasers is frequently desirable for increased passenger c d o r t .  
Operation of such devices during acoustical  t es t ing  is advisable i f  the test 
objective is t o  measure the optimum cabin e n v i r o n m t .  Haever, imperfect 
synchronizer operation may introduce very low frequency beats which compromise 
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t h e  data ,  s o  t h a t  in ten t iona l  operation out  of sync may be necessary. In  such 
cases, the engines should be set t o  p r d u c e  a k n m  beat frequency high enough 
t o  allow reasonable length da ta  records and minimize amplitude e f f e c t s .  

The following f l i g h t  d a t a  should be observed and noted while the  
acoust ic  d a t a  is being obtained : 

a. Fl ight  Regim2 - takeoff,  c ru ise ,  approach, landing, descent etc. 

b. Airplane pressure a l t i t u d e  . 
c. Airplane indicated airspeed and/or Mach number. 

d. Propeller  RPM ( i f  applicable 1. 

e. Engine power se t t ings .  

f .  Synchronizer o r  synchrophaser operation. 

g. External ambient air tenperature. 

h. Cabin pressure and temperature. 

i. Cabin system operation modes. 

I f  tape  recording is used, the record length a t  each location should k a t  least 
2 1/2 tires the d a t a  reduction in tegra t ion period, but i n  no case less than 20 
seconds. I f  a d i b l e  beats a r e  present  the  record s h a l l  include a t  least 
3 complete beats. S u f f i c i e n t  precautions should be taken to ensure the  d a t a  
s igna l s  are not  c q r a m i s e d  by inappropriate tape recorded gain se t t ings .  Data 
should be record& with the  sound level mter i n  the  f l a t  rnode (unwighted) . 
When portable sound l e v e l  mters are used fo r  d i r e c t  m a s u r a n t  of sound 
pressure levels ,  (use  the A-wighting network with S W  response s e t t i n g )  the 
da ta  t o  be repor ta l  s h a l l  lx the maximum reading n o k d  on the mter . m n  
audible beats  a r e  present  the meter should be observed f o r  a period of t i m e  long 
enough t o  include a t  least three  beats ,  and the maximum e t e r  reading noted 
s h a l l  be reported. I f  the  sound l e v e l  meter has in tegra t ing capabil i ty where 
the  ti= ,perid is cperator-controlled, t h e  tine period used s h a l l  k a t  least 
10-20 seconds. I f  audible beats  are present ,  the  time period s h a l l  be 
s u f f i c i e n t  t o  include a t  l e a s t  3 corrplete beats, but  not  less than 20 seconds. 

DATA REWCTICN 

Data reduction, f r m  the recording, when employed, should be p e r f o r d  by t i i re  
averaging d a t a  sawles of at  least 8 secmds duration. When audible beats are 
present ,  the in tegra t ion period should be extended t o  include a t  least a 
three-beat p r i o d  . 
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Sound pressure l eve l s  should be obtained for  the eight-octave bands center  
frequencies from 63 Hz t o  8 KHz. Overall  sound pressures should be d t a i n e d  by 
sumning ant i logar i thmical ly  t h e  octave band data.  Preferred speech interference 
l e v e l  (PSIL) should be calculated by a lgebra ica l ly  averaging the  unwighted 
l eve l s  in the  500, 1,000, and 2,000 Hz octave bands. 

Frequency w i g h t i n g  may be added t o  octave band sound pressure l e v e l  data.  The 
e i g h t i n g  function should correspcnd t o  t h a t  referenced i n  'Lnternaticnal 
E l e c t r m c h a n i c a l  Ccmnissim ( IEC 651. Frequency wigh ted  overa l l  sound 
pressure l eve l s  are obtained by a n t i l o g a r i t h i c a l l y  summjng the  octave-band d a t a  
a f t e r  w i g h t i n g  is applied. 

P r e s e n t a t i m  of the  acoust ica l  d a t a  should include a t  least the  following 
information : 

1. Overall A-ighted sound pressure l eve l s  a t  each m a s u r m n t  location.  

2. Preferred speech interference l eve l s  at  each masurerrwt location.  
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APPENDIX 3 

MEASUREMENT SYSTEM 

A p r t a b l e  sound leve l  mter (SLM) and a portable battery-powered FM recorder 
are  r e c m d e d  to masure cockpit noise. The SLM includes the micrqhone, 
amplifier, r ec t i f i e r  and a mter which gives a sound output d i rec t ly  in  dec ibds .  
A cannecting jack is provided so  the amplifier output can a l s o  be recorded on a 
magnetic recorder for  further study. 

Mcst sound level  mters also i n c l d e  wight ing  networks selected by a panel 
switch. The " f la t "  positi.cn sums a l l  frequencies evenly. The "C" posit ion is 
almost t h e  same as " f la t "  and one or  the other may be ani t ted on cheaper 
instruments. The "A" and "B" weightings are designed to  approximate the e a r t  s 
response and t o  give a t ruer  approach t o  loudness of carplex sounds. (The "B" 
scale is l i t t le used today, while the "A" weighting is used extensively. The 
designation "dB(A) " ar , less properly, "dBA1', indicates the reading with t he  "A" 
wight ing.)  

More expensive mters i n c l d e ,  e i ther  as an attachm?nt or i n b r n a l l y ,  a series 
of band pass f i l t e r s ,  usually of one octave width. Eight such bands w i l l  cover 
the usual masuremnt  range of 50 t o  10,000 Hz. Such f i l t e r s  provide a 
convenient means fo r  a quick evaluation of the frequency s t ructure  of a camplex 
sound. 

In order t h a t  sound level  mters made by different  manufacturers w i l l  agree 
adequately when measuring various sources, t h e i r  character is t ics  are specified 
by the International Standards Organization (IS01 and Amrican National 
Standards In s t i t u t e  (ANSI). This includes the character is t ics  of the weighting 
networks and the mter darrping, as w e l l  as the overall  accuracy. Somd level  
mters are divided by ANSI standards i n to  several  groups: Type 1 
or "Precision" mters; Type 2, or "General Purpose," Type 3, or "Survey," and 
Type S ar "Special Purpose. It Type 1 mters meet the r ig id  tolerances fo r  
Precision mters and provide f i l t e r i n g  and impulse maswing  options. A Type 1 
mter is recmmnded for evaluating cockpit noise. 

A high quali ty FM tape recorder should be used t o  record the noise in  
the  ccckpit. Good resu l t s  can be obtained from a portable battery-pcrwered 
system. Several manufacturers now advertise high qual i ty  casset te  recorders for  
i n s  tr uwn tat ion use. 

The sound level  mter or the recording system, i f  recordings are made should 
be calibrated using a PISW-PHW, or other calibration instruments, before and 
a f t e r  the test data  is recorded. These cal ibrat ion devices are available frun 
manufacturers of sound level meters and measurerent microphones. It is designed 
t o  f i t  t igh t ly  on t k  micrcphone, with adapters for  various microphone s izes ,  
and it prcduces a tone of accurately k n m  sound pressure a t  the  micrcphme 
diaphragm a t  one or  more standard frequencies . A set-screw is usually provided 
in the sound level  mter t o  standardize its output. 



A ca l ib ra t ion  s igna l  is p a r t i c u l a r l y  necessary when the  microphone is used with 
ampl i f iers  other than a standard sound l e v e l  meter o r  when a recorder is used. 
This " e n d - t o e d "  ca l ib ra t ion  should be made both a t  the  beginning and end of a 
test run, and a t  any other t k  where there  is a p o s s i b i l i t y  t h a t  the  system 
gain may have been changed. 

It is inportant  i n  a l l  test operations t o  maintain an accurate loq  of a l l  
condi t ims:  microphone placement, weather condit ions i f  outdoors, system 
channel connections ( i f  mre than one channel),  all at tenuator and ca l ib ra ted  
arrplif ier gain se t t ings ,  ti= of day and date, source and dis tance  from source 
t o  microphone, etc. When a tape recorder is used, the  log in fo rmt ion  should be 
recorded vocally on the tape. 

Whilo the  PISTON-PHONE ca l ib ra to r  is an e s s e n t i a l  p a r t  of any acoust ic  
rneasurertlent program, it does not g ive  an adequate check of microphone, amplif ier  
and recorder frequency charac te r i s t i c s .  T k  i n s t r e n t a t i o n  and procedures 
requirp,d f o r  f u l l  ca l ib ra t ion  a r e  beymd the  sccpe of t h i s  discussion, but sm 
provision should be made for  periodic recal ibra t ion of system canponents by the 
manufacturer o r  by a r e l i a b l e  and well-equipped standardizat ion laboratory. 

A pre f l igh t  s e n s i t i v i t y  check should be used t o  adjus t  the  gain of the  sound 
l e v e l  meter to  m t c h  the  output of t h e  acoustic  c a l i b r a t o r  a s  zdjusted f o r  
atmospheric pressure. A "warm-up" tire of a t  least 1 minute should be a l l o w d  
before checking t h e  s e n s i t i v i t y  of the  sound l e v e l  mter. I f  a tape recorder is 
used, the s e n s i t i v i t y  checks s h a l l  a l s o  be recorded. 

I f  an in- f l ight  acoustic  s e n s i t i v i t y  check is used, it should be taken w k n  the 
a i r c r a f t  has reached the  des i red  c ru i se  a l t i t u d e  and t h e  a i r c r a f t ' s  i n t e r n a l  
pressure is a t  the desired value. The indicated sound pressure l e v e l  of the  
output  of t h e  acoust ic  ca l ib ra to r  should be noted; t k  gain of the  sound l e v e l  
meter should n o t  be adjusted i n  f l i g h t  i f  the indicated l eve l  is not  the sm a s  
t h e  acoustic  ca l ib ra t ion  l e v e l  obtained before takeoff .  I f  necessary, cabin 
pressure should be noted s o  t h a t  a d j u s t i n t s  for  differences i n  air pressure may 
be made. 
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EXAMPLE CALCULATICN QF PSIL 

63 
125 
25 0 
500 
1000 
2000 
4000 
8000 
db(C) 
&(A)  
PSIL 

Octave Band 

From t h e  above it can be seen t h a t  the  takeoff and normal c r u i s e  p e r  noise 
l eve l s  exceed a PSIL of 78 and speech interference can be expected i n  the  
cockpit i n  those f l i g h t  r e g k s .  The db(A) i n  a l l  th ree  f l i g h t  r e g k s  a l s o  
exceed the  recammded l e v e l  of 88. 

* L is t h e  noise level ( f l a t )  at t h e  speci f ied  octave band center  
frequency . 

T.O. Pawer 
Avg.  Meas. 

Normal Cruise Pawer 
Avq. Meas. 

Approach P m r  
Avq. Meas. 
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An easy speech i n t e l l i g i b i l i t y  concept t o  grasp is t h a t  the  l o d e r  the  speech is 
i n  comparison to t h e  background noise, the  easier it is t o  understand. 
Obviously, there  are p r a c t i c a l  limits t o  the  concept, but  through most of the  
range of audible sound pressures, t h i s  statement about t h e  speech-to-noise or  
the  signal-to-noise r a t i o  (S/N) is t r u e .  (Where both speech and noise are 
e x t r e m l y  qu ie t  o r  e x t r e m l y  intense,  non l inea r i t i e s  arise. For the 
cockpit-noise s i t u a t i o n ,  me may confront  a degree of high-intensity 
nonlineari ty.)  

An improvement i n  S / N ,  then, w i l l  serve  to improve the i n t e l l i g i b i l i t y  of 
speech. 

The most d i r e c t  approaches call f o r  an increase in absolute s i g n a l  l e v e l  o r  a 
decrease i n  absolute noise level. One may a l s o  t r y  t o  create r e l a t i v e  
d i f ferences  between the  s igna l  and the  noise l eve l s .  

The d i f f i c u l t y  with t r y i n g  t o  decrease cockpit noise l eve l s  a t  the  source has 
already been discussed. Hcwever, it should be noted t h a t  noise a t t en tua t i cn  
mater ia ls  are avai lable  fo r  l i g h t  a i r c r a f t .  The use of in f l a tab le  door seals 
and acoust ic  blankets  can reduce i n t e r i o r  noise levels .  Nevertheless, the  m o s t  
e f f e c t i v e  option may be t o  increase s i g n a l  l eve l s  or modify the  re la t ionsh ip  
between s igna l  and noise.  

Signal  l e v e l s  can be increased by increasing t h e  gain of an intervening 
arrpl if ier  ( f o r  e l ec t ron ica l ly  transmitted c m u n i c a t i o n s ) ,  o r  by moving the  
t a l k e r  and l i s t e n e r  c loser  together. Research has shown a de te r io ra t ion  of 
i n t e l l i g i b i l i t y  with an e x t r ~ x e l y  weak o r  s t rong v m a l  force. 

Hearing protec tors  f o r  avia tors  can provide protect ion agains t  hearing 
l o s s  t h a t  r e s u l t s  f r m  noise exposure and improves speech i n t e l l i g i b i l i t y .  They 
perform t h e  i n t e l l i g i b i l i t y  inprovemnt task  i n  two ways. The lesser of these 
is t h a t  they leer t h e  overa l l  i n t e n s i t y  of t h e  sound t h a t  e n t e r s  t h e  human 
a d i t o r y  system i n t o  a middle range of sound pressures where the  system operates 
o p t i m l l y .  (Note t h a t  hearing p ro tec to r s  do not remove sound; they only 
decrease its in tens i ty  1. The other  way is se lec t ive  f i l t e r i n g  which can be 
e f f e c t i v e  in scum noise e n v i r o m t s .  

S m  precautions are necessary, though, k f o r e  one elects t o  use hearing 
protec tors  f o r  t h e  purpose of improving voice c m u n i c a t i o n .  F i r s t ,  a 
~11-sealed, e l l - f i t t e d  protector  is necessary. Second, scum a d i t o r y  
functions are changed by t h e  introduction of hearing protec tors  i n t o  the  
transmission system. For example, sarne people repor t  a decrease i n  t h e  a b i l i t y  
t o  make f i n e  p i t c h  discriminations, many people repor t  a decrease i n  t h e  a b i l i t y  
t o  judge t k  azimuth of a sound source. Haever ,  the  human a d i t o r y  system 
rapidly  accanmodates i t s e l f  t o  environmental change of a l l  sorts, s o  one can 
assm t h a t  with a b i t  of p rac t i ce  these functions can be brought back i n t o  the 
normal range. Third, because one ad jus t s  one's vocal e f f o r t  t o  overcare the 
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noise one k=s, hearing-protector wearers (s ince  they hear less no i se )  usually 
don ' t  speak loudly enough. P e r s m s  who e a r  hearing-protectors must t r a i n  
themselves t o  speak more l o d l y .  

I n  most cockpits where noise is a problem, the  noise spcctrum t2nd.s t o  h a v ~  the  
saw shape a s  t h e  average speech spectrum. A s  a r e s u l t ,  one cannot count on 
selective f i l t e r i n g  t o  improve speech i n t e l l i g i b i l i t y .  Whatever changes are 
made i n  me spectrum w i l l  be made s imi la r ly  in  the other. The S/N s t a y s  about 
the s a ~  . Thus, in cockpits  with similar noise and speech spectr-m, 
the improvement i n  speech i n t e l l i g i b i l i t y  for  p i l o t s  and cop i lo t s  who -wear 
k a r i n g  protec tors  is probably l imited t o  the small m m t  t h a t  arises from 
bringing s igna l  i n t e n s i t i e s  i n t o  t h e  l i n e a r ,  middle frequency range where the  
a d i t o r y  system works better. 

A microphone may h2lp s e ,  because i f  it is held c lose  t o  the m u t h ,  it is 
s a w h a t  l i k e  reducing t h e  d is tance  to the ear. Cmsiderably more improvement 
in  S/N can be obtained by using noise cancell ing microphones i n  c m u n i c a t i o n  
systems. The noise-cancelling microphone is b u i l t  t o  accept sound from the 
f ron t ,  the  back, or  the  top. I n  a f a i r l y  hcmgeneous sound f i e l d ,  
approximately t h e  sane ambient-noise wave form e n t e r s  f r m  both s ides ,  serving 
t o  cancel much of the  e f f e c t  of the  noise on the microphone diaphragm. A 
t a lke r ,  though, d i r e c t s  h i s  o r  her speech t o  me s ide  only, s o  t h e  cancel la t ian  
e f f e c t  for  speech is f a r  less than f o r  noise--if t h e  user understands t h e  
proper way t o  use the  microphone. Covering the rear vents with t h e  hand 
diminishes the  cancel la t ion  ef  Eect . Holding th2 f r o n t  of the microphone mre 
than a few inches from t h e  l i p s  of t h e  t a l k e r  permits t h e  speech t o  en te r  the  
back with nearly as much in tens i ty  as entkrs  the  f r o n t ,  thus cancell ing speech 
as w11 as noise. Another po ten t i a l  l o s s  of S/N improvement r e s u l t s  f r m  t h e  
r e f l e x  t h a t  leads a t a l k e r  t o  q p a k  with enough e f f o r t  t o  be heard above the  
noise: i f  t h e  t a lke r  elrpects t o  be heard (by the  microphone) at  a dis tance  of 
3 inches ra ther  than 3 f e e t ,  k o r  she is l i k e l y  to reduce v m a l  e f f o r t  
accordingly. 

Miniature headsets have caw i n t o  use m n g  p i l o t s  i n  recent  years. 
The headsets, which are worn over t h e  ear, conduct sound to the microphone 
diaphragm v ia  a hard, p l a s t i c  tube t h a t  is hinged s o  t h a t  it can be mved about 
a t  wi l l .  Although these  headsets a r e  not  noise-cancelling devices i n  t h e  usual  
sense, the  t i p  of the  p l a s t i c  tube can be mved s o  c lose  t o  the  t a l k 2 r t s  l i p s  as 
t o  make a s i g n i f i c a n t  i m p r o m n t  in  S/N over face-to-face comnunications i n  the  
sane noise e n v i r o n m t .  Again, the  l ikel ihood of improvemnt is a d i r e c t  
function of haw much vocal e f f o r t  is exer ted  and of haw close the  tube is t o  t h e  
muth;  i f  the  tube has been moved o u t  of the way (as it needs t o  be for ea t ing  
or dr inking) ,  any S/N inproverrent w i l l  be markedly diminished. 

Sane headsets are equipped with c i r c u m u r a l  muffs which a t tenuate  the  cockpit  
noise and enhance the  S/N f o r  e l e c t r o n i c  comnunications. This type of ear muff 
furnishes sm hearing protect ion and acts s e w h a t  l i k e  an ear plug in  normal 
cockpit  voice comnunicatims. Headsets ecpipped with t h e  b e t t e r  designed 
circurrraural muffs may a t tenuate  cockpit noise mre t h a t  20 dB. These headsets 
used with noise cancel l ing  o r  boom microphmes and an i n t e r m  system can 
subs tan t i a l ly  enhance the S/N and markedly improve crew cannunications. 
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Proper use requires holding the  noise-cancelling microphone s o  t h a t  the  vents 
are not  blocked, holding it close to t h e  mouth, and speaking as loudly as i f  the  
l i s t e n e r  were a few f e e t  away. Wha the  microphone is used properly, it can 
make a s i g n i f i c a n t  d i f ference  i n  S/N. 

It should be noted t h a t  increasing t h e  gain of an amplif ier  o r  t ry ing  t o  do  
s e l e c t i v e  e l e c t r o n i c  f i l t e r i n g  w i l l  make no useful  change i n  t h e  S/N; it w i l l  
s t a y  the s m  as it was a t  t h e  face  of the  microphone whose sounds are being 
amplified o r  f i l t e r e d .  I f  the S/N is poor t o  begin with, anplifying both t h e  
speech and the noise cannot make t h e  s i t u a t i m  any be t t e r .  Also, e l e c t r o n i c  
f i l t e r i n g  is no d i f f e r e n t  i n  its e f f e c t  than t h e  acoust ic  f i l t e r i n g  t h a t  a 
hearing protec tor  does: i f  t he  spectrum of the  noise  and t h e  spectrum of the  
speech are similar, se lec t ive  f i l t e r i n g  w i l l  n o t  help. 

Additional information m a i r c r a f t  a d i o  system c h a r a c t e r i s t i c s  and standards 
can be found in Radio Technical C d s s i m  f o r  Aermautiocs (RTCA), Docurrent 
No. -170, "Audio Systems Character is t ics  and Minimum Performance Standards, 
Ai rc ra f t  Microphones (Except Carbce?), Aircraft Headsets and Speakers, A i r c r a f t  
A d  i o  Selector  Panels and Awli f  iers , " January, 1980. 
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